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ABSTRACT (THAI) 
 จอมนาง อยู่หุ่น : การใช้วสัดุทีม่ีมอดุลัสของสภาพยืดหยุ่นต่่ารองพืน้ในโพรงฟันที่มีค่าซีแฟคเตอร์สูงที่บูรณะดว้ยวัสดุเรซินคอมโพ

สิต: การศึกษาในห้องทดลอง. ( USING OF LOW MODULUS OF ELASTICITY BASE IN HIGH C-
FACTOR RESIN COMPOSITE RESTORATION: AN IN VITRO STUDY) อ.ที่ปรกึษาหลัก : รศ. ทญ. ดร.ศิริวิมล ศรีสวัสดิ ์

  

         วัตถูประสงค์ของการศึกษานี้เพื่อประเมินการรั่วซึมตามขอบของโพรงฟันคลาสไฟว์ (class V) ซีแฟคเตอร์ (C-
factor) สูง ที่บูรณะด้วยเรซิน คอมโพสิต ทั้งที่ใช้และไม่ใช้การรองพื้นโพรงฟันด้วยวัสดุที่มีมอดุลัสของสภาพยืดหยุ่นต่่า การทดลองนี้
ใช้ฟันกรามซี่ที่สาม ที่ไม่มีรอยผุ 80 ซ่ีมาเตรียมโพรงฟันแบบคลาสไฟว์ขนาด 5x3x2.5 มม3 บนพื้นผิวด้านแก้มโดยวางขอบโพรงฟัน
ไว้บริเวณรอยต่อระหว่างเคลือบฟันกับเคลือบรากฟัน แบ่งฟันเป็น 8 กลุ่มการทดลอง: กลุ่มที่ 1 บูรณะด้วยเรซิน คอมโพสิต 
(FiltekTM Z350 XT, 3M ESPE, USA); กลุ่มที่ 2 บูรณะด้วยเรซิน คอมโพสิตแบบบัลค์ฟิล (FiltekTM Bulkfill, 3M ESPE, USA); 
กลุ่มที ่3 และ 4 บูรณะด้วยเรซิน คอมโพสิต โดยท่าการรองพื้นโพรงฟันด้วย โฟลเอเบิล คอมโพสิต (FiltekTM Z350 XT Flowable, 
3M ESPE, USA); กลุ่มที่ 5 และ 6 บูรณะด้วยเรซิน คอมโพสิต โดยท่าการรองพื้นโพรงฟันด้วยด้วยเรซิน โมดิฟายด์ กลาสไอโอโน
เมอร ์(Fuji II LC, GC Corporation, Japan) โดยไม่ใช้สารปรับภาพเนื้อฟันเพื่อปรับสภาพผิวโพรงฟันก่อนท่าการรองพื้นโพรงฟัน ; 
กลุ่มที ่7 และ 8 บูรณะด้วยเรซิน คอมโพสิต โดยท่าการรองพื้นโพรงฟันด้วยด้วยเรซิน โมดิฟายด์ กลาสไอโอโนเมอร์ (Fuji II LC, GC 
Corporation, Japan) โดยใช้สารปรับภาพเนื้อฟัน (Cavity Conditioner, GC Corporation, Japan) เพื่อปรับสภาพผิวโพรงฟัน
ก่อนท่าการรองพื้นโพรงฟัน ในกลุ่มที่ 1 – 4 ขอบโพรงฟันที่เป็นเคลือบฟันจะถูกกัดด้วยกรดและใช้สารยึดติด (Scothbond 
Universal, 3M ESPE, USA) ตามค่าแนะน่าของผู้ผลิตก่อนจะบูรณะด้วยด้วยวัสดุตามกลุ่มการทดลอง ส่วนในกลุ่มที่ 5 – 8 
หลังจากท่าการรองพื้นโพรงฟันด้วยเรซิน โมดิฟายด์ กลาสไอโอโนเมอร์ ขอบโพรงฟันที่เป็นเคลือบฟันจะถูกกัดด้วยกรดและใช้สาร
ยึดติด ตามค่าแนะน่าของผู้ผลิตก่อนจะบูรณะด้วยด้วยเรซิน คอมโพสิต เช่นเดียวกัน หลังท่าการขัดแต่ง จะถูกน่าไปท่าเทอร์โมไซค
ลิ่ง จ่านวนหนึ่งหมื่นรอบด้วยระยะเวลา 60 วินาทีต่อรอบก่อนน่ามาทดสอบการรั่วซึมบริเวณขอบด้วยสารซิลเวอร์ไนเตรท  50% 
จากนั้นจะถูกตัดในแนวใกล้แก้ม-ใกล้ลิ้น (bucco-lingually) เพื่อให้ได้พื้นผิวในการทดสอบการรั่วซึม 6 ด้านต่อซ่ี หลังจากท่าการ
บันทึกค่าล่าดับคะแนนการรั่วซึม ข้อมูลได้รับการวิเคราะห์ด้วย Kruskal-Wallis test และ Mann-Whitney U Test ผลการศึกษา
จากการทดสอบด้วย Kruskal-Wallis test พบความแตกต่างของค่าการรั่วซึมอย่างมีนัยส่าคัญทางสถิติระหว่างกลุ่มทดลอง ที่ขอบ
โพรงฟันใกล้เหงือก (P < 0.001)  จากการทดสอบด้วย Mann-Whitney U Test ที่ขอบโพรงฟันใกล้เหงือก กลุ่มที่ไม่ท่าการรองพื้น
โพรงฟันด้วยวัสดุที่มีมอดุลัสของสภาพยืดหยุ่นต่่ามีค่าการร่ัวซึมน้อยกว่ากลุ่มที่ท่าการรองพื้นโพรงฟันด้วยวัสดุที่มีมอดุลัสของสภาพ
ยืดหยุ่นต่่าอย่างมีนัยส่าคัญทางสถิติ นอกจากนี้ยังพบว่าที่ขอบโพรงฟันใกล้เหงือก กลุ่มที่ใช้สารปรับภาพเนื้อฟันมีค่าการรั่วซึมน้อย
กว่ากลุ่มที่ไม่ใช้สารปรับภาพเนื้อฟันอยา่งมีนัยส่าคัญทางสถิติ จากผลของการศึกษาสรุปได้ว่าการรองพื้นโพรงฟันด้วยวัสดุที่มีมอดุลัส
ของสภาพยืดหยุ่นต่่าไม่สามารถช่วยลดการรั่วซึมบริเวณขอบโพรงฟันที่มีซีแฟคเตอร์สูงที่บูรณะด้วย เรซิน คอมโพสิต และการปรับ
สภาพผิวโพรงฟันด้วยสารปรับภาพเนื้อฟันก่อนท่าการรองพื้นโพรงฟันด้วยเรซิน โมดิฟายด์ กลาสไอโอโนเมอร์สามารถช่วยลดการ
รั่วซึมบริเวณขอบโพรงฟันที่มีซีแฟคเตอร์สูง ที่บูรณะด้วยเรซิน คอมโพสิตได้ 
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ABSTRACT (ENGLISH) 
# # 5875808332 : MAJOR ESTHETIC RESTORATIVE AND IMPLANT DENTISTRY 
KEYWORD: Dentin conditioner Low modulus of elasticity base Microleakage Resin composite Resin 

modified glass ionomer Silver nitrate 
 Jomnang Yoohun : USING OF LOW MODULUS OF ELASTICITY BASE IN HIGH C-

FACTOR RESIN COMPOSITE RESTORATION: AN IN VITRO STUDY. Advisor: ASSOC. PROF. SIRIVIMOL 
SRISAWASDI, D.D.S., M.S., Ph.D. 

  
       This in vitro study aims to investigate whether or not using a resin modified glass ionomer as a 

base or intermediate layer would improve marginal integrity of a high C-factor class V resin composite 
restoration. Eighty non-carious human third molars were used. A box-shaped, 5x3x2.5 mm3, Class V cavity 
preparation was placed on buccal surface at the cementoenamel junction. Teeth were then randomly 
assigned to 8 experimental groups (n=10): group 1, Resin composite (FiltekTM Z350 XT); group 2, FiltekTM Bulkfill; 
groups 3 and 4, resin composite with FiltekTM Z350 XT Flowable as base; groups 5 and 6, resin composite with 
Fuji II LC as base; groups 7 and 8, resin composite with Fuji II LC as base with use of Cavity Conditioner. In 
groups 1 – 4 the prepared cavities were etched, with selective enamel etching, and the adhesive (Scothbond 
Universal, 3M ESPE, USA) were then applied according to manufacturer's instructions, then restored with resin 
composite (FiltekTM Z350 XT, 3M ESPE, USA) while in groups 5 – 8 the same bonding procedures were done 
after placement of RMGI base. The restorations were finished and polished, thermocycled (10,000×, 5-55°C) 
and stained with a 50% silver nitrate solution. After being sectioned bucco-lingually, 6 surfaces of 
measurement per tooth were obtained, and depth of dye penetration recorded. Microleakage data were 
analyzed using Kruskal-Wallis non-paramatric independent analysis and a Mann-Whitney U test. Kruskal-Wallis 
test indicated significant differences among 8 experimental groups for gingival (P < 0.001) scores. For Mann-
Whitney U test, significant difference was found between group using low modulus of elasticity base and group 
without using low modulus of elasticity base only gingival margin (P < 0.001). Mann-Whitney U test also 
revealed significant difference between group using dentin conditioner and group without uses of dentin 
conditioner at gingival margin. In conclusion, based on our findings, the use of low modulus of elasticity 
materials does not result in better marginal seal for high C-factor Class V resin composite. The use of dentin 
conditioner may improve marginal integrity for resin composite restoration when RMGI is used as base. 
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CHAPTER I 
INTRODUCTION 

Background and Rationale 
Adhesive restorative materials have now become a mainstream of direct 

restoration placement in restorative dentistry. Since there have been developments 
of a wide variety of materials with improved physical properties, reduction of 
technique sensitivity and, importantly, the development of excellent, reliable 
adhesive resins to bond filling materials to enamel and dentin surfaces (1). The use 
of resin composites in posterior teeth had been introduced decades ago. Success of 
these materials may be attributed to their adhesive properties, which allows less 
tooth structure removal with reduced preparation sizes and also help reinforce the 
remaining tooth structure (2).  A clinical study had shown that painful vital teeth with 
incomplete fractures can be treated successfully by replacing the amalgam fillings 
with bonded resin composite restorations (3). However, resin composites inherited 
some undesirable characteristics, such as polymerization shrinkage which could 
resulted in marginal leakage in the restoration. Conversion of resin monomers into 
long chains of polymers leads to a volumetric change, which could generate 
shrinkage stresses in the restoration. These stresses have the potential to initiate gap 
formation at the restoration–tooth interface leading to microleakage, marginal 
discoloration, post-operative sensitivity, and eventually adhesive failures (2, 4, 5), 
particularly when restoring cavitity with high C-factor which yield less chance for 
relaxation of shrinkage stress, such pre-stressed interfaces may be more susceptible 
to degradation which would explain the relatively fast in vivo degradation noted for 
high C-factor Class-I restorations even when the predicted durable bonding was being 
used (6). 

Many techniques and newer materials have been introduced to reduce 
polymerization stress such as, incremental layering technique, soft-start 
polymerization, and the use of low modulus of elasticity liner as an intermediate 
layer between restoration and tooth structure (5, 7, 8). The increasing popularity of 
new restorative materials called “bulk- fill” materials, are claimed to enable 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 11 

restoration build-up to 4 mm thick per layer. This new material class includes 
flowable and packable types. Dental bulk-fill composites may contain polymerization 
modulator chemical groups or plasticizers in their resin matrix to reduce the effect of 
polymerization shrinkage stress when these materials are applied in bulk (9). The 
main advancements in bulk-fill materials are an increased depth of cure which 
resulted from higher translucency and low-shrinkage stress which related to 
modifications in the filler content and the organic matrix (10). 

Focusing on the use of low modulus of elasticity material as an intermediate 
layer between restoration and tooth structure, mostly glass ionomer-based or low-
elastic-modulus resin-based materials are being used with this purpose. Flowable 
composites are not recommended for use in stress-bearing areas since they have 
lower physical properties compared with standard restorative composites. However, 
if they are used as an intermediate layer in restorations, their lower modulus of 
elasticity could reduce marginal microleakage, which is thought to compensate for 
the polymerization contraction stresses of the final restoration (11).  Resin modified 
glass ionomer materials could act on strain and marginal leakage reduction, 
presenting additional benefits as adhesion on dentin and fluoride release, which 
could reduce the chances of secondary caries formation in composite restorations 
(11, 12). These liners either resin-modified glass ionomer or flowable composite are 
shown to provide better adaptation and act as a flexible stress-absorbing layer 
between restoration and tooth (5, 7). Several in vitro studies have shown that the 
application of intermediate layer reduces microleakage which leads to an improved 
marginal integrity of composite restorations (2, 12, 13). Some authors also suggested 
that in cases where the remaining tooth structure is minimal and large amounts of 
resin composite are being placed, liners or bases could limit the amount of heat 
generated during placement of restoration (14). Though resin modified glass ionomer 
cement can adhere to tooth structure without any prior treatment, studies have 
shown improvements of bond strength after surface treatment (conditioning) with 
various solutions (15-17). 

From a clinical perspective, some authors suggested that the use of cavity 
bases would have a weakening effect on the overall strength of the restoration, 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 12 

resulting in more fracture of composite restorations, but has stated that the role of 
glass ionomers in the fracture behavior remained unclear (12, 18). The possible 
reason could be that a layer with a low E-modulus material placed between two 
high E-modulus materials (tooth and composite resin) leads to a concentration of 
forces in the elastic layer when the tooth is loaded (19), which could result in 
restorations placed with a lining being more sensitive to fatigue after repeated 
loading and led to higher clinical failure of the restorations either due to fracture 
(12). On the other hand, recent study by Sande et al: 18-year survival of posterior 
composite resin restorations with and without glass ionomer cement as base, 
concluded that the use of glass ionomer cement as base did not affect the survival 
of resin composite restorations with acceptable annual failure rates of about 2% 
after 18 years (2).  

To determine the success or failure of restorations, one must assess its 
longevity and sealing ability under function in oral environment. The marginal 
adaptability of restorations is necessary for successful restoration of teeth since the 
interface between restoration and dental substrate is an area of clinical concern that 
can result in secondary caries and marginal breakdown. Therefore, microleakage can 
be considered as an important factor influencing the longevity of dental restorations 
(20). 

It was still unknown whether the use of low modulus of elasticity material as 
a base in high C-factor class V resin composite restoration would improve marginal 
integrity and overall strength of high C-factor class V resin composite restoration or 
not. Therefore, the aim of the present study was to investigate whether or not using 
a low modulus of elasticity material as a base or intermediate layer would improve 
marginal integrity of a high C-factor class V resin composite restoration.  

 
Research Questions  

Does the use of low modulus of elasticity material as base or intermediate 
layer improve marginal integrity of a high C-factor resin composite restoration?  
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Research Objectives 
The aim of this present study was to determine whether or not using a low 

modulus of elasticity material as a base or intermediate layer would improve 
marginal integrity of a high C-factor resin composite restoration. 

 
Research Hypothesis  
1. The use of low modulus of elasticity material as a base or intermediate layer does 
not improve marginal integrity of a high C-factor resin composite restoration. 
2. Different application patterns of low modulus of elasticity material as a base or 
intermediate layer has no effect in improving marginal integrity of a high C-factor 

resin composite restoration.  
3. The use of dentin conditioner prior to placement of resin modified glass ionomer 
as a base or intermediate layer has no effect in improving marginal integrity of a high 
C-factor resin composite restoration. 
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Conceptual Framework 

 
Figure  1: Diagram of conceptual framework 

 

Key Words  
Composite, Dentin conditioner, Low modulus of elasticity base, Microleakage, Resin 
modified glass ionomer, Silver nitrate 
 
Limitations  
1. Only one commercial RMGI: Fuji II LC (GC Co, Japan), was used in this study, since 
each brand consisted of different compositions, the outcomes   
might be different. 
2. Only one brand of flowable composite; Filtek Z350 XT Flowable Restorative (3M 
ESPE, USA) was used in this study, since each brand consisted with different 
compositions, the outcomes might not be the same. 
3. Only one brand of dentin conditioner (Cavity conditioner; GC Co, Japan) was used 
in this study, since each brand varies in concentration of the acid, it‖s effect to 
dentin would not be the same. 
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4. Only one type of Cavity (Class V) was examined in this study. Since class V cavity 
represent the situation of maximum polymerization shrinkage stress with C-factor of 
5/1 surfaces. 
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CHAPTER II 
REVIEW OF LITERATURE 

 

Dentin 
 Dentin is a hydrated composite structure composed of the collagen-based 
organic matrix with mineral reinforcement, varying with anatomical location (21, 22). 
Furthermore, dentin is modified by physiological, aging and disease processes which 
creates different forms of dentin (22). These altered forms of dentin may be the 
precise forms that are most important in restorative dentistry. Some of the variations 
of dentin include primary, secondary, reparative or tertiary, sclerotic, transparent, 
carious, demineralized, remineralized, and hypermineralized. They reflect alterations 
in the fundamental components of the structure as defined by changes in their 
arrangement, interrelationships or chemistry. A number of these may have important 
implications for our ability to develop long lasting adhesion or bonds to this 
structure (22).  

Dentin permeability is variable and location dependent, being greater near 
the pulp and pulp horns than adjacent areas, reflecting differences in tubule density 
and increasing diameter of the tubules closer to the pulp. Therefore, bonding to 
deep dentin has been expected to be more challenging than to superficial dentin, 
due to the reduced area of solid intertubular dentin associated with the increased 
moisture content (23). Dentin level after removal of cusp tips was considered as 
superficial dentin, one millimeter below the superficial dentin level was considered 
as deep dentin (21, 23). 
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Figure  2: Sketch of the position of superficial and deep dentin in relation to the cusp 
tips and pulp horns. 
Note that 1 mm below superficial dentin was considered as deep dentin. With X-rays, 
it was made sure that dentin was available at least 1 mm above the pulp horns, 
Ozcan and Mese (23). 
  
 
High C-factor resin composites restoration 

Resin composites are used for various applications in dentistry, including 
filling materials, cavity liners, inlays, onlays, pit and fissure sealants, provisional 
restorations, cores and buildups, crowns, cements for single or multiple tooth 
prostheses and orthodontic devices, endodontic sealers, and root canal posts. It is 
no doubt that uses of resin composites will continue to grow both in frequency and 
application due to their versatility (24). Resin composites inherit characteristics, such 
as polymerization shrinkage and stress which could led to tissue deflection and 
marginal microleakage resulting in clinically detectable margin in. Much effort in 
research was spent on new materials and techniques to prevent clinical failures 
associating with secondary caries and marginal leakage of resin composite 
restorations (2).  
 To describe correlation between shrinkage with stress values in a tooth cavity, 
the term ―cavity configuration factor‖ (C-factor) was created, and defined as the ratio 
between bonded and unbonded surfaces of the composite restoration (25). 
Polymerization shrinkage stress is generated during polymerization of the composite, 
pulling the adhesive from the cavity wall which put bonded interfaces under severe 
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tension, particularly, when restoring cavities with high C-factor. This phenomenon is 
especially pronounced in a Class-I and Class V cavity with five bonded walls and only 
one free surface, revealing a C-factor of 5/1 (6). High shrinkage stresses generated 
could induce gaps between the restoration and the cavity wall resulting in 
microleakage, post-operative sensitivity and other related clinical complications. Such 
pre-stressed bonded interfaces could result in degradation of bonding interfaces 
which notably shown in high C-factor restorations, even when durability proven 
adhesives are being used (6, 26)  
 
Low modulus of elasticity Material 

Flowable composite 
 Flowable composites were introduced in the mid-1990s and became widely 
used for a broad range of restorative applications. Flowable composites have been 
recommended for use as a liner in resin composite restorations and for use as a 
restorative material in small Class V cavities (27). They contained the same, but 20–
25% less, filler particles than the convention resin composites resulting in less 
rigidity. The use of flowable composites as an intermediary layer is suggested to 
reduce interfacial debonding and cuspal deflection. Their easy handling properties, 
enhanced flow, reduced elastic modulus and better wettability may result in 
improved placing characteristics, reduce voids at the cervical interface and may 
counteract microleakage by improved interfacial bonding and by forming a stress-
absorbing layer. Several in vitro studies have shown that flowable resin composites 
reduced microleakage, while some studies could not confirm improved marginal 
adaptation (28). The use of a flowable composite as an intermediate layer resulted in 
significantly less cuspal deflection than without a flowable composite as an 
intermediate layer. In contrast, another study using a photoelastic model reported 
that the use of flowable composite as an intermediate layer increased shrinkage 
stress at the adhesive interface (29, 30).  
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Resin modified glass ionomer (RMGI) 
Glass ionomer cements (GICs) have been popular in clinical dentistry for many years. 
These cements have the advantages of their ability to chemically bond to 
hydroxyapatite, release fluoride over a long period which may result in secondary 
caries prevention, and good biocompatibility. GICs are materials made of calcium, 
strontium aluminosilicate glass powder (base) combined with a water-soluble 
polymer (acid). When these components are mixed together, they undergo a setting 
reaction involving neutralization of the acid groups by the powdered solid glass base 
(15, 31). However, the two main disadvantages of conventional GICs are the lack of 
command cure and moisture sensitivity. To overcome these problems, light cured 
glass ionomers were developed and was released to the market (32). Resin 
modification of GICs was done to improve physical properties of these materials 
while maintaining the benefits of the conventional GICs. These new materials are 
called resin modified glass ionomer (RMGI) or hybrid ionomers (33). They are defined 
as hybrid materials that retain a significant acid – base reaction as part of their overall 
curing process. In their simplest form, these are GICs with the addition of a small 
quantity of a resin such as hydroxyethyl methacrylate (HEMA) or Bis – GMA in the 
liquid. More complex materials have been developed by modifications of the 
Polyacid with side chains that can be polymerized by a light – curing mechanism (34). 
RMGI undergoes the original acid–base setting reaction and combined with 
monomers and photochemical polymerization initiators (35). This photochemical 
reaction reduces sensitivity to moisture and dehydration which associated with the 
acid–base setting reaction of conventional GICs (35). RMGI are expected to obtain the 
benefits of conventional GICs, such as fluoride release resulting in caries prevention, 
and thermal compatibility with the tooth compared with conventional GICs (35), 
RMGI have better working characteristics and the ability to bond to dentin (36, 37). 
The chemical reaction occurred when the carboxylic components of the cement and 
the calcium present in tooth structure reacted consequently allowing bonding to 
tooth structure to be established (38). Moreover, to the formation of ionic bonding, 
RMGI present micro-mechanical interlocking with the conditioned dentin (36, 39).  
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RMGI have certain unique properties which make them useful as restorative 
and adhesive materials. Those properties include adhesion to moist tooth structure 
and base metals, anticariogenic properties due to their fluoride releases, thermal 
compatibility, biocompatibility and low toxicity (40). This class of material has been 
frequently used as liner/base in restoration because of its excellent seal to dentin, 
which is important in preventing post-operative sensitivity (41, 42). RMGI liners are 
well known for their ability of minimizing post-operative sensitivity, as shown in 
numerous clinical studies (43-47). This is a result of two properties: RMGI materials 
are self- adhesive, not requiring removal of the smear layer (38) and the low 
modulus of these materials (38) allow them to buffer the effects of polymerization 
shrinkage of composites (48, 49). Also they are less moisture sensitive due to their 
hydrophilicity and water content (50, 51). Additionally, their high fluoride release (52) 
has been shown to help protect adjacent tooth structure (41, 53). Though studies 
have reported that RMGI adhere to tooth structure without prior treatment, other 
studies have shown improvements of bond strength after treatment of dental 
surface with various solutions (15, 16, 54). Cavity conditioning plays a more important 
role in providing effective bonding with RMGI. Pretreatment with a diluted 
polyalkenoic acid conditioner is advised to remove the smear layer and partially 
demineralize dentin with retained smear plugs. This surface conditioning could 
improve the bonding of RMGI through the formation of a sub-micron hybrid layer and 
chemical bonding with the remaining hydroxyapatite around the exposed collagen 
(55). Self-etch primers such as Vitremer primer are reported to modify the smear 
layer and improve the wettability of the dentin and monomer penetration into it 
(56).  
 

Microleakage testing 
 The effects of bacterial leakage upon the dental pulp were well investigated 
(57, 58). Prevention of bacteria leakage into margins of restorations is an absolute 
goal in adhesive dentistry.  
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In early 1860s, the effort in determining the effectiveness of sealing ability of 
dental restoratives, microscopic examination of amalgam marginal contraction was 
carried out by Tomes, followed by experiments into the leakage of dye indicators 
around the margins of amalgam packed into glass tubing (59). Since these early 
experiments, researchers have put in much effort to study leakages of dental 
materials and to improve the marginal seal of restoration which later termed ―micro- 
leakage‖.  

Microleakage is defined as the passage of bacteria, fluids, molecules or ions 
between a cavity wall and the restorative material applied to it (60). Various 
techniques have been proposed to demonstrate that margins of restorations allow 
active movement of ions and molecules. These techniques include the use of 
bacteria, compressed air, chemical and radioactive tracers, electrochemical 
investigations and, perhaps most commonly of all, the use of dye penetration 
studies. Investigation of microleakage has been done both in vivo and in vitro. In vitro 
experiments were set into two categories; those which use a clinically relevant 
model with attempts to reproduce the oral situation, and those in which the model 
does not represent oral situation and is purely a test of the material‖s properties (59). 

The dye penetration technique is one of the most used methods to 
investigate marginal integrity of the restoration (61). Several dye agents with different 
concentrations had been introduced into the technique, in which 0.5% basic fuchsin, 
2% methylene blue and 50% silver nitrate solution have been most frequently used 
(59). This technique involves immersing restored tooth in a dye solution for a 
predetermined period, followed by washing and sectioning of the specimen followed 
by examination under magnification to determine the extent of dye penetration 
along the tooth-restoration interfaces (62, 63).  

Evaluation of specimens, in most microleakage studies involving tracer 
penetration, uses a two-surface scoring method. The specimen was sectioned 
longitudinally through the center of the restoration (59, 64, 65). Christen and Mitchell 
(66) developed a system to evaluate the total marginal interface of the restoration. 
They scored multiple surfaces of the restoration and presented this as a more 
realistic evaluation of the leakage pattern. Wenner et al. (67) conducted a pilot study 
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scoring six surfaces of three sections of a tooth through the restoration and found 
that the probability of finding a false negative was 33 percent if only a single section 
was evaluated. Mixson et al. (68) compared the two-surface and multiple-surface 
scoring methodology and suggested that microleakage at the proximal corners of the 
restoration may be more severe. The scoring of the specimen was based on standard 
criteria developed by researchers assigning numerical value to represent the extent 
of dye penetration (60, 69). The interpretation of specimens has been criticized as 
relying on qualitative and subjective judgment in evaluation (60, 69, 70).  

Although, several choices of dyes were mentioned in literatures, many 
researchers have chosen 50% silver nitrate (w/v), using different immersion times of 
specimens in the agent and different times to reveal the silver. The amount and 
distribution of silver show the extent of damage at the restoration-tooth interface, 
which can be measured by the use of various micro-investigation techniques. The 
use of silver nitrate solution is considered a very severe test due to their penetrative 
capacity. The diameter of the silver ion is very small (0.059 nm) when compared to 

the mean size of a bacteria (0.5-1.0 μm) (71).  
  Wu and Cobb (62) developed the silver staining technique to investigate 
microdefects in resin composite. Silver was selected as the staining agent because of 
their strong optical contrast and their penetrative capacity. This technique involves 
immersion of the specimens in a 50% silver nitrate solution for two hours in the dark. 
The specimens are then rinsed to remove silver ions on the surface, and immersed in 
photo developing solution while exposed to fluorescent light for six hours. The silver 
ions absorbed in the specimens precipitate as silver particles during this stage. 
Specimens for microleakage studies were then sectioned. The degree of leakage may 
then be measured in level of penetration defined by many authors or by 
percentages of leaked silver to the bonding interfaces of sectioned specimen. Silver 
nitrate had been widely used for investigating the degradation of tooth-material 
interface, since Sano, et al. (72) detected the presence of silver nitrate in the hybrid 
layer, calling the phenomenon nanoleakage. Several researchers (59, 73) followed 
this method of using silver nitrate as a tracer for leakage analysis because of the 
contrast quality observed in microleakage.  
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Taylor and Lynch stated that the main disadvantages of this type of 
assessment were the numerical scoring system of increasing degrees of leakage 
assigned by the operator, although the evaluation were often carried out by more 
than one examiner, was somewhat subjective. Furthermore, the assessment of the 
restoration as a whole was difficult when viewing only individual small sections of 
tooth (59). Most researchers have taken single sections from the midpoint of a 
restoration when there was little, if any, evidence to suggest that this would reflect 
the true state of the other restoration margins (59). Literature reveals that whilst 
many choices of dye are available, researchers tend to use the same dye. It is 
impractical to use a dye particle which has a diameter greater than that of the 
internal diameter of dentinal tubues (l-4 µm) since it is unlikely that the dye used 
would represent the bacterial penetration of these tissues which is being 
investigated. However, dye penetration studies in dentin will exhibit some dentin 
staining which should be distinguished from the actual gap between the cavity wall 
and restoration (59).  
 
Thermocycling  

While clinical trials are the best way to provide information about reliability 
and long-term performance of dental materials (74), they are expensive and more 
time-consuming. Also, by the time the study is published the products under 
investigation might have already been discontinued.  

Thermocycling stimulates aging process of the restoration on an accelerated 
basis (75), causing marginal degradation in all types of restorative material at a much 
faster rate than seen in appropriate controls (76, 77). Study has shown that the 
thermocycling model will accelerate the process of microleakage in vitro by inducing 
failure of the restoration (78-82). The cracks along adhesive layer occurred due to 
stress generated during thermal change leading to gap formation. Changing gap 
dimensions caused in- and outflow of oral fluids, a process known as percolation 
(83).  

Microleakage tests are often used as predictors of clinical performance for 
new generation of dental adhesive restorative approaches and materials (84). These 
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tests usually include thermocycling to simulate intraoral conditions (61, 74), which 
requires exposure of specimens to water baths set at temperatures that resemble 
those found in the oral cavity. The rationale behind this is that marginal percolation 
can be caused by differences in the coefficient of thermal expansion between dental 
tissues and the restorative material. The polymerization shrinkage, poor bonding of 
restorative materials to tooth tissues and coefficient of thermal expansion are often 
found as the main factors for microleakage (74). One concern of the thermocycling 
regimen is that the temperature variations between 5°C and 55°C do not necessarily 
alters or causes damages at the tooth-restoration interfaces. Moreover, the presence 
of water may enabled or facilitated hydrolysis of the bonding agent and its union 
with tooth tissue (74). As known, water acts as plasticizer of polymers and reduces 
the marginal integrity of restorations being a stress-raising factor (83, 84).  

Study by Li et al. (74) showed that thermocycling did not affect nanoleakage 
for both dental adhesive systems used in the experiment. The patterns and the 
extent of nanoleakage were not affected by the thermocycling. The results are in 
accordance with previous studies on microleakage of various dentin bonding agents 
stated that no significant differences were detected in microleakage between before 
and after thermocycling (51, 85-89). Thermocycling with a different number of cycles, 
i.e. 250 and 1000 cycles, resulted in no significant difference in dye penetration (86, 
87). The results might be the consequences from using small number of cycles in the 
studies, which was stated by Gale and Darvell to be too low for an aging effect to be 
obtained (83). Gale and Darvell, (1999) also proposed that 10,000 cycles of 
thermocycling could represent 1 year of function in vivo (83). 
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CHAPTER III 
MATERIALS AND METHODS 

 
Research Design  
This study was an in vitro experimental study with the aim to measure the effect of 
low modulus of elasticity base or intermediate layer on marginal integrity of a high C-
factor composite restoration using microleakage test. 
 
Research Methodology 

 
Figure  3: Diagram of study design   
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Population and sample 
The sample size was determined according to previous published articles (90-

92); which have experimental design using microleakage testing in composite 
restoration, the most frequently used sample size is 10 samples per group. 
 

 Preparation of specimens 
Eighty human third molars (gathered following informed consent approved by 

the Ethics Committee of the Faculty of Dentistry, Chulalongkorn University (HREC-
DCU 2017-068) were cleaned with pumice and store in 0.1% Thymol solution at 4 oC 
and used within 1 month after extraction.  

All teeth were then mounted in 2.5x2.5x2 cm3 acrylic blocks (occlusal surface 
perpendicular to the long axis), exposing 2 mm below the CEJ. A standard high C-
factor class V cavity was prepared on buccal surface of each tooth. The preparations 
were done with high speed diamond burs under copious water coolant. After every 
five preparations, the burs were discarded and replaced with a new one. The gingival 
cavosurface margins of the preparation were placed at the cementoenamel junction. 
The dimension of final preparation was 3.0 mm occlusogingivally, 5.0 mm 
mesiodistally and 2.5 mm deep. The occlusal cavosurface margins of the preparation 
were beveled (Figure 1a). The specimens were then randomly divided into eight 
groups (n=10 per group) corresponding to eight experimental groups of different 
insertion techniques. The materials used in this experiment were listed in table 1. 
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Figure  4: a) Cavity preparation 4x4x2.5 mm3  

b) Base material covering axial surface (P) 
 c) Base material covering all dentin surface (A) 

 

 
Group 1 (C) — Bonding procedures were carried out according to the 

manufacturer's instructions. The prepared cavities were etched, with selective 
enamel etching, using a 34% phosphoric acid (Scothbond Universal Etchant, 3M, USA) 
for 15 s, rinsed thoroughly with distilled water for 10 s, and air dried for 2 s. Adhesive 
(Scothbond Universal, 3M ESPE, USA) was then applied to the entire preparation with 
a microbrush using rubbing motion for 20 s. A gentle stream of air was blown over 
the liquid for about 5 s until no fluid movement was observed and the solvent has 
evaporated completely then light cured for 10 s (DemiTM Plus; Kerr, USA) with 1,100 
mW/cm2 intensity. The cavity was then filled with Filtek Z350 XT shade A3 (3M ESPE, 
St Paul, MN, USA) incrementally with each layer not exceeding 2 mm and light cured 
for 20 s. 
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Group 2 (B) — Bonding procedures were carried out according to the 

manufacturer's instructions same as in group 1. The cavity was then filled with Filtek 
Bulk Fill shade A3 (3M ESPE, St Paul, MN, USA) and light cured for 40 s. 
 
Using low modulus of elasticity material as base 
Using flowable composite as base: 

Group 3 (FP) — Bonding procedures were carried out according to the 
manufacturer's instructions same as in group 1. A 1-mm-thick (measuring with a 
periodontal probe) flowable (F) composite (FiltexTM Z350 XT Flowable Restorative, 
3M ESPE, USA) was applied as base using the closed sandwich technique on the axial 
wall, then light cured for 20s (Figure 1b). 

Group 4 (FA) Bonding procedures were carried out according to the 
manufacturer's instructions same as in group 1. A 1-mm-thick (measuring with a 
periodontal probe) flowable (F) composite (FiltexTM Z350 XT Flowable Restorative, 
3M ESPE, USA) was applied as base, covering whole dentin surface on the axial wall 
up to surrounding walls (A) (Figure 1c), then light cured for 20s. 

 
Using resin modified glass ionomer as base: 
No dentin conditioner was applied to the following 2 groups: 

Group 5 (NDRP) — A 1-mm-thick RMGI (Fuji II LC, GC Corporation, Japan) was 
applied as base using the closed sandwich technique on the axial wall (P), then light 
cured for 30s. Bonding procedures were carried out according to the manufacturer's 
instructions same as in group 1. 

Group 6 (NDRA) — A 1-mm-thick RMGI (Fuji II LC, GC Corporation, Japan) was 
applied as base, covering whole dentin surface on the axial wall up to surrounding 
walls (A), then light cured for 30s.  Bonding procedures were carried out according to 
the manufacturer's instructions same as in group 1. 
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Table  1: Material, Manufacturer and Component 

 
 

Material Components 

 
Scothbond Universal (3M ESPE, 

USA) 

 1. Etchant: 34% phosphoric acid, water, synthetic amorphous silica, 
polyethylene glycol, aluminium oxide. (Scotchbond Universal 
Etchant)  
2. Adhesive: MDP phosphate monomer, dimethacrylate resins, HEMA, 
methacrylate-modified polyalkenoic acid copolymer, filler, ethanol, 
water, initiators, silane  

 
Resin modified glass ionomer 

(RMGI) 
Fuji II LC 

(GC Corporation, Japan) 
 

 
Powder: 100% Fluoro-alumino-silicate glass   
Liquid:  35% HEMA, 25% Distilled water, 24% Polyacrylic acid, 6% 
Tartaric acid and 0.10 camphorquinone 
 

Cavity Conditioner 
(GC Corporation, Japan) 

20% Polyacrylic acid  
 

FiltexTM Bulk Fill 
(3M ESPE, USA) 

Bis-GMA (1–10%), UDMA (10–20%), Bis-EMA (1–10%), Procrylat resins 
Zirconia/silica, Ytterbium trifluoride  (64.5% wt)  
 

FiltexTM Z350 XT Flowable 
Restorative 

(3M ESPE, USA) 
 

Bis-GMA, Bis-EMA, TEGDMA  

5–20 nm Zr/silica nanoparticles + 0.6–1.4 m nano-clusters  

(65% wt)  

FiltexTM Z350 XT 
(3M ESPE, USA) 

BIS-GMA, BIS-EMA, UDMA, and TEGDMA,  

5–20 nm Zr/silica nanoparticles + 0.6–1.4 m nano-clusters  
(82% wt)  

HEMA: Hydroxyethyl methacrylate; Bis-GMA: Bisphenol A-glycidyl methacrylate 2,2-bis 
[4-(2-hydroxy-3-methacryloxypropoxy) phenyl] propane; TEGDMA: Triethyleneglycol 
dimethacrylate; UDMA: Diurethane dimethacrylate; GPDM: Glycero-phosphate dimethacrylate; 
PAMM: Phthalic acid monoethyl methacrylate  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 30 

Dentin conditioner (Cavity Conditioner, GC Corporation, Japan) was applied to the 
following 2 groups: 

Group 7 (DRP) — A dentin conditioning agent (Cavity Conditioner, GC 
Corporation, Japan) was applied to dentin surfaces for 10s using a sponge, rinsed 
thoroughly with water, and dried.  A 1-mm-thick RMGI (Fuji II LC, GC Corporation, 
Japan) was applied as base using the closed sandwich technique on the axial wall 
(P), then light cured for 30s. Bonding procedures were carried out according to the 
manufacturer's instructions same as in group 1. 
 Group 8 (DRA) — Dentin conditioning procedures were carried out according 
to the manufacturer's instructions, same as in group 7. A 1-mm-thick RMGI (Fuji II LC, 
GC Corporation, Japan) was applied as base, covering whole dentin surface on the 
axial wall up to surrounding walls (A), then light cured for 30s.  Bonding procedures 
were carried out according to the manufacturer's instructions same as in group 1. 
The cavity was then filled with Filtek Z350 XT shade A3 (3M ESPE, St Paul, MN, USA) 
incrementally with each layer not exceeding 2 mm and light cured for 20 s. The 
teeth were then stored for 24 h at 37oC in distilled water. 
 

Microleakage testing 
Specimens were thermocycled for 10,000 times with a dwell time of 60 s (5oC, 

35oC, 55oC and 35oC for 5,25,5, and 25 s, respectively) (93, 94).  
The samples were then immersed in a 50% silver nitrate solutions for 2 hours, 

washed, and then immersed in a photographic developer (D-76; Kodak Co, Rochester, 
NY, USA) for 8 hours under fluorescent light, and abundantly washed under running 
water (95). The specimens were sectioned bucco-lingually, parallel to the long axis to 
obtain 5 pieces. Only the middle 3 pieces with 6 surfaces of measurement per tooth 
were observed. The restorations were analyzed at occlusal margin (enamel margin) 
and gingival margin (dentin margin) separately with a stereomicroscope at a 30x 
magnification (ML9300 MEIJI, JAPAN). The extent of dye penetration was scored 
according to the following scoring system from previous studies (96, 97). (Table 2 & 
Figure 2) 
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Table  2: Dye Penetration scoring system 
 

 
Figure  5: Microleakage Score 
 
 
 
 
 
 
 
 

 

Data collection  
The sections of each restoration were scored by the same operator for occlusal 

margin and gingival margin separately, and the most severe microleakage score was 
recorded as the score for that restoration. All the specimens were re-evaluated and 
scored for the second time 24 hours after the first evaluation by the same operator 
to provide reliability of measurements. 

Data analysis  
The statistical analysis was done with the Kruskal-Wallis non-paramatric 

independent analysis and the Mann-Whitney U test to evaluate differences between 
experimental groups at a significance level of 0.05 using software SPSS 20.0 for 
Windows (Chicago, IL, USA). 

 
Score 
 

 
Extent of dye penetration 

 
0 

 
No dye penetration 

 
 
1 

 
Dye penetrated between the 
restoration and the tooth along the 
restoration-occlusal or restoration-
gingival interface up to half the length 
of the occlusal or gingival wall. 
 

 
 
2 

 
Dye penetrated beyond half of the 
length of the occlusal or gingival wall 
of the restoration but not reaching the 
axial wall. 
 

 
 
3 

 
Dye penetrated along the entire 
length of the occlusal or gingival wall 
and reaching the axial wall. 
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CHAPTER IV 
RESULTS 

 
Microleakage scores for the occlusal and gingival margins are presented in 

table 3. Stereomicroscopic images for the sectioned specimens were illustrated at 
occlusal margin and gingival margin in figure 3.  
 
Table  3: Frequency of marginal leakage in occlusal (enamel) and gingival (dentin) 
margins. N (%) 

   Occlusal (Enamel) Gingival (dentin) 

Group Groups  Scores Scores 

 
codes 0 1 2 3 0 1 2 3 

1 C 7 2 1 0 0               8 1 1 

  
70% 20% 10% 0% 0% 80% 10% 10% 

2 B 6 4 0 0 0 10 0 0 

  
60% 40% 0% 0% 0% 100% 0% 0% 

3 FP 6 4 0 0 0 3 0 7 

  
60% 40% 0% 0% 0% 30% 0% 70% 

4 FA 4 5 1 0 0 6 3 1 

  
40% 50% 10% 0% 0% 60% 30% 10% 

5 NDRP 1 2 4 0 0 0 3 4 

  
14% 29% 57% 0% 0% 00% 43% 57% 

6 NDRA 8 2 0 0 0 0 2 8 

  
80% 20% 0% 0% 0% 0% 20% 80% 

7 DRP 6 4 0 0 0 5 3 2 

  
60% 40% 0% 0% 0% 50% 30% 20% 

8 DRA 5 4 1 0 0 6 4 0 

  
50% 40% 10% 0% 0% 60% 40% 0% 
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Figure  6: Representative stereomicroscopic images of various leakage scores 
a) Stereomicroscopic figure; leakage score 0 at occlusal margin, leakage score 1 at gingival margin  
b) Stereomicroscopic figure; leakage score 0 at occlusal margin, leakage score 2 at gingival margin 
c) Stereomicroscopic figure; leakage score 0 at occlusal margin, leakage score 3 at gingival margin 
d) Stereomicroscopic figure; leakage score 1 at occlusal margin, leakage score 1 at gingival margin 
e) Stereomicroscopic figure; leakage score 2 at occlusal margin, leakage score 1 at gingival margin 
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Occlusal margin (enamel margin)  
Kruskal-Wallis test found no significant differences among 8 experimental 

groups for occlusal margin scores (P = 0.051).  
Multiple pairwise comparisons were not performed because the overall test 

did not show significant differences across samples. 
For Mann-Whitney U test, no significant difference was found between group 

using low modulus of elasticity base and group without low modulus of elasticity 
base (P = 0.306). No statistical significant differences were found between different 
patterns of low modulus of elasticity base (P = 0.407). Also, no significant differences 
between group using dentin conditioner and group without uses of dentin 
conditioner prior to placement of resin modified glass ionomer base was found (P = 
0.598). 

 
 
Gingival margin (dentin margin) 
Kruskal-Wallis test indicated significant differences among 8 experimental 

groups for gingival margin scores (P < 0.001). 
Multiple comparisons were performed because the overall test showed 

significant differences across samples. Significant differences detected in pairwise 
comparisons test (P < 0.05) are shown in table 4.  

For Mann-Whitney U test, significant difference was found between group 
using low modulus of elasticity base and group without low modulus of elasticity 
base (P < 0.001). No statistical significant differences were found between different 
patterns of low modulus of elasticity base (P = 0.211), and from pairwise comparison 
test no significant differences was found for groups FP and FA, NDRP and NDRA, DRP 
and DRP (Table 5). Mann-Whitney U test also revealed significant difference between 
group using dentin conditioner and group without uses of dentin conditioner prior to 
placement of resin modified glass ionomer base (P = 0.000). From pairwise 
comparison test no significant difference was found between group NDRP and DRP, 
while significant difference was found between group NDRA and DRA (Table 6).  
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Table  4: Significant differences found in pairwise comparison of microleakage 
between the groups for gingival margin (dentin margin) 

Groups Groups p Value 

B FP 0.011 

B NDRP 0.005 

B NDRA <0.001 

C NDRA 0.004 

DRA NDRA 0.015 

FA NDRA 0.033 

 

Table  5: Pairwise comparison of microleakage between different pattern of low 
modulus of elasticity base for gingival margin (dentin margin) 
Groups Groups p Value 

FP FA 0.875 

NDRP NDRA 1.000 

DRP DRA 1.000 
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Table  6: Pairwise comparison of microleakage between group using and without 
used of dentin conditioner prior to placement of resin modified glass ionomer base 
for gingival margin (dentin margin) 

Groups Groups p Value 

NDRP DRP 1.000 

NDRA DRA 0.015 
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CHAPTER V 
DISCUSSION AND CONCLUSIONS 

 
Discussion 

Bonding resin composite to dentin has always been a challenge since 
adhesion to dentin is more difficult (23). Dentin contains more water than 

enamel and their hydroxyapatite crystals are randomly arranged in an organic 
matrix. Dentinal tubules contained vital processes of the pulp which makes dentin a 
sensitive structure. Fluid present in dentinal tubules constantly flows outwards which 
reduces the adhesion of the composite resin to dentin bond (98). The restoration–
dentin interface is where microleakage is most likely to occur. Many techniques and 
materials have been developed to obtain reliable bond to dentin, while durable 
bond to enamel could be achieved with phosphoric acid etching (99). Recently 
developed materials such as bulk-fill composite has been recommended due to its 
superior properties of increased depth of cure from higher translucency and low-
shrinkage stress related to modifications in the filler content and the organic matrix 
(10). Dental bulk-fill composites may contain polymerization modulator chemical 
groups or plasticizers in their resin matrix to reduce the effect of polymerization 
shrinkage stress when these materials were applied in bulk (9). The use of an 
intermediate layer of low modulus of elastic materials as a stress-relieving layer 
during polymerization shrinkage has also been recommended to create better 
marginal seal (11, 26, 100, 101). While some studies were against the use of an 
intermediate layer of low modulus of elastic materials as a stress-relieving layer (12, 
30), they  recommended that the combination of a thin adhesive resin with a hybrid 
composite resin showed excellent clinical performance (12).  

In this study, microleakage testing with silver nitrate staining in high C-factor 
resin composite restoration using various materials and methods of application after 
thermocycling for 10,000 cycles was performed. The microleakages at enamel and 
dentin margins were observed separately. At enamel margin, no statistic significant 
differences for microleakage score was found between 8 experimental groups. The 
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reason behind this could be resulted from the method used in this study. In all 
groups, the occlusal carvosurface was bonded directly to the composite in the same 
manner. Bonding procedure was carried out using selective enamel etching in 
combination with thin layer of adhesive. Unlike dentin margin where tooth-
restoration bonding interface is known to be weaker, different methods and materials 
of restoration used are more likely to affect the sealing ability of the restoration. 
When bonding to enamel, the etch and rinse approach resulted in the highest 
bonding effectiveness with the µTBSs of 39 and 40 MPa (102). Enamel is 
homogeneous in nature and primarily composed of hydroxyapatite. Etchants dissolve 
hydroxyapatite crystals in enamel, creating pits by which the adhesive resin is readily 
absorbed by capillary attraction, creating macrotags of resin that envelop the 
individually exposed hydroxyapatite crystals. Additionally, resin microtags extend 
within tiny etch pits in the enamel prism cores. While resin tags in the interprismatic 
spaces provide the majority of micromechanical adhesion (103). Study by Barkmeier 
et al. reported that the 35% phosphoric acid conditioning of enamel produced 
significantly greater surface roughness than that achieved with any of the self-etch 
systems. The same study also examined the effect of increasing conditioning time on 
both surface roughness and shear bond strength of a resin composite to enamel 
(104). 

 Although, there are some previous studies stating that the low modulus of 
elasticity materials gave similar results to the conventional composite (101, 105, 106), 
the present study found that restorations without low modulus of elasticity materials 
as base significantly scored less than the restorations with low modulus of elasticity 
materials in microleakage score at dentin margin. From this finding, the first 
hypothesis of this study which stated that the use of low modulus of elastic material 
as a base or intermediate layer did not improve marginal integrity of a high C-factor 
resin composite restoration is accepted. This finding is in accordance with previous 
studies which stated that liners did not reduce stress and microleakage (29, 30, 107). 
These materials showed shrinkage stress comparable to conventional resin 
restorative materials, therefore, the use of these materials, both flowable composites 
and RMGI, did not lead to polymerization stress reduction at the adhesive interface 
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(107). Higher microleakage at dentin margin in the groups using low modulus of 
elasticity materials as base may be attributed to the low filler content of the 
flowable resin composite, associated with high percentage of organic matrix (Bis-GMA 
and TEGDMA) which reduced overall composite viscosity (108), and polymerization 
shrinkage stress of resin-modified glass-ionomers (109). RMGIs are susceptible to gain 
or loss of moisture. Water movement can occur within RMGI during setting, even 
under sealed conditions, i.e., cavity liner and/or base. Two distinct chemical reactions 
involving water were reported for RMGIs: the first reaction corresponds to the use of 
intrinsic water in the RMGI for initial setting and the second one is attributed to 
subsequent extrinsic water sorption for acid/glass reaction (110). Under sealed 
conditions, RMGI shrunk more than resin composite because of absence of humidity 
(30), a significant amount of water is required to compensate for the RMGIs shrinkage 
stress (111). The higher stress generated in restoration which low modulus of 
elasticity base was used could resulted in higher microleakage at dentin margin, 
while bonding interface at enamel margin, which is known to be stronger, is more 
likely to withstand those stresses. 

When comparing different patterns of application of base, both enamel and 
dentin margins gave the same results which groups with low modulus of elasticity 
base covering only the axial wall did not give different performance in terms of 
microleakage to groups with low modulus of elasticity base covering all dentin 
surface of the cavity. The results in this study showed no statistical different in 
microleakage between different application patterns of low modulus of elasticity 
base, this could be due to the differences of volume of base used was minimal 
resulting in similar effect of their low modulus of elasticity properties (105, 112). 
Therefore, the second hypothesis of this study which stated that different patterns of 
low modulus of elasticity materials applied as base or intermediate layer had no 
effect in improving marginal integrity of a high C-factor resin composite restoration is 
accepted. Though without statistical significant difference FP show higher frequency 
of leakage of score 3 than FA at dentin margin, this finding could suggest that in case 
where flowable composite base is use extending the base out to dentin margin 
could result in the better seal. Their easy handling properties, enhanced flow, and 
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better wettability resulted in voids reduction at the cervical interface and may 
counteract microleakage by improved interfacial bonding and forming a stress-
absorbing layer (11).  

The use of dentin conditioner prior to application of RMGI base in this study 
gave better results in microleakage test than without dentin conditioner, with statistic 
significances. When the tooth is cut, the result is a surface covered with a thin layer 
(1–2 µm) of debris, known as the smear layer, attached to the underlying dentin. It 
comprises mineral phase embedded in denatured collagen (113), and is effectively a 
structure with less defined order than either enamel or dentine. Bond strengths and 
durability of bonding vary according to the precise details of the cutting process 
applied to the tooth (114). The aim of conditioning dentin is to remove smear layer 
with little or no attack to the underlying sound dentin. It also opens the dentinal 
tubules and partially demineralizes the upper layer of the tooth, leading to an 
increase of surface area and exposure of micro-porosities, which allow freshly placed 
glass-ionomer paste to penetrate the surface to an extent. The result is a degree of 
micro-mechanical attachment, and better adaption of RMGI when the cement has 
hardened (17, 115). In groups which RMGI base covered whole dentin surfaces, the 
explanation could be that the weaker bond between RMGI and unconditioned 
dentin could not withstand the polymerization shrinkage from resin composite 
resulting in micro gaps at RMGI-dentin interface. While in groups which RMGI base 
covered only the axial wall, the effect of dentin conditioning on adhesion of RMGI is 
not pronounced. With stronger bond between RMGI and conditioned dentin, the low 
elastic-modulus properties of the RMGI could help absorbed polymerization 
shrinkage stress to some degree resulting in less microleakage, in groups where low 
modulus of elasticity base is used, as demonstrated in this study. This result is in 
accordance with previous studies which stated that pretreatment of the dentin 
surface by dentin conditioner has been shown to be effective in improving bond 
strength especially with RMGI (17, 116). Therefore, the third hypothesis of this study 
which stated that the use of dentin conditioner prior to placement of resin modified 
glass ionomer as a base or intermediate layer has no effect in improving marginal 
integrity of a high C-factor resin composite restoration is rejected. In pairwise 
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comparison test at dentin margin, NDRA significantly scored higher microleakage than 
DRA while no significance was found between NDRP and DRP. Also at dentin margin 
NDRA scored higher microleakage than all other experimental groups, though with 
significance only to B, C, DRA and FA in pairwise comparison test. From this finding, 
author suggest that when RMGI base is being used, especially where RMGI is 
extended to the margin of the restoration, application of dentin conditioner prior to 
placement of RMGI base is strongly recommended. 

When comparing different base materials used, the results of this study 
showed that the use of flowable composite base at the dentin margin show similar 
microleakage when compared to resin modified glass ionomer cement, which could 
be resulted from the similar properties of the two materials. However, focusing only 
the groups using flowable composite base and groups using resin modified glass 
ionomer cement base without uses of dentin conditioner at the dentin margin, 
significant difference in microleakage scores were observed, where flowable 
composite base performed better. This finding is in accordance with previous study 
which stated that at the dentin margin flowable composites showed significantly less 
microleakage when compared to resin modified glass ionomer cement (26).  

As mentioned earlier that bonding to dentin has been proven to be more 
difficult and less predictable than to enamel. In this study, bulk-fill material is also 
being tested. The main advancements in bulk-fill materials are an increased depth of 
cure which probably resulted from higher translucency and low-shrinkage stress due 
to modifications in the filler content and the organic matrix. At dentin margin, bulk-
fill composite showed less microleakage when compared to all others experimental 
groups. None of the specimen in group B scored higher than microleakage score 1 at 
dentin margin. With this finding, author suggests that bulk-fill materials should be 
considered as a material of choice for restoring a high c-factor cavity which involved 
dentin margin. 

The silver nitrate dye method is known as an acceptable technique of 
measuring microleakage, however, it is a very severe test because the silver ion is 
extremely small (with a dimension of 0.059 nm) when compared to the size of a 
typical bacterium (0.5–1.0 µm) and thus is more penetrative. It could be assumed 
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that any materials or methods of restoration that prevented leakage of silver ions 
also prevented leakage of the bacteria (117). In group NDRP, we found enamel cracks 
in 3 specimens. The data obtained from the 3 specimens were excluded. The cracks 
might have gained even more accesses for silver ion resulting in more severe 
microleakage scores. Careful samples selection prior to the experimental procedure 
should be taken into account, whether or not these cracks occurred after the 
restoration has been placed. Sequences of crack formation can alter the results and 
leads to misinterpretations of the result. 

The limitations of this study are that the restorative materials when tested in 
vitro failed to simulate the dynamic intra oral thermal changes induced by routine 
eating and drinking. Thermocycling is used in most in vitro studies to simulate 
stresses when restorative materials have been placed in dental cavity. However, the 
absence of dentinal fluid flow and the completely altered dentinal surface due to 
extraction of the specimens made it hard to relate the results with clinical conditions 
(118, 119). The results obtained from this study may not be directly described clinical 
situation, they can only provide some information regarding the performance of the 
restorative techniques evaluated. Further clinical study with long term follow-up is 
still needed.  
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Conclusion 
Based on our findings, the use of low modulus of elasticity materials as a 

base or intermediate layer did not improve marginal integrity of a high C-factor resin 
composite. A well performed bonding procedure in combination with Bulk-fill resin 
composite or conventional resin composite are sufficient for restoring a high c-factor 
class V cavity. Different application patterns of low modulus of elasticity material as 
a base or intermediate layer had no effect in improving marginal integrity of a high C-
factor resin composite restoration. The use of dentin conditioner improved marginal 
integrity for resin composite restoration when RMGI is used as base. 
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Table  7: Pairwise comparison of microleakage between experimental groups for 
gingival margin (dentin margin) 
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Table  8: Microleakage data for occlusal margin (enamel margin) 
Specimen C B FP FA NDRP NDRA DRP DRA 

1 0 0 1 2 2 0 0 2 

2 0 0 0 1 1 0 1 1 

3 1 0 0 0 1 0 0 0 

4 0 1 1 0 2 0 1 0 

5 0 0 0 0 2 0 1 1 

6 2 1 1 1 2 0 0 0 

7 0 0 1 1 - 1 0 0 

8 1 1 0 1 - 0 0 1 

9 0 0 0 1 0 1 1 1 

10 0 1 0 0 - 0 0 0 
 
 

Table  9: Microleakage data for gingival margin (dentin margin) 
Specimen C B FP FA NDRP NDRA DRP DRA 

1 1 1 3 1 3 3 1 2 

2 1 1 1 2 3 2 1 1 

3 1 1 3 3 2 3 2 1 

4 2 1 3 1 2 3 1 2 

5 3 1 3 1 3 3 1 2 

6 1 1 3 1 3 3 3 1 

7 1 1 1 1 - 3 2 2 

8 1 1 3 1 - 3 3 1 

9 1 1 1 2 2 2 1 1 

10 1 1 3 1 - 3 2 1 
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